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RÉSUMÉ 
Le travail présenté établit les possibles utilisations des sédiments décantés en réseaux 
d'assainissement pluviaux. Pour ce projet, un bassin urbain à Puente Aranda, Bogota, Colombie, a été 
utilisé comme cas d'étude. Des caractéristiques physiques et chimiques ont été obtenues pour des 
sédiments échantillonnés à différents endroits entre février et avril 2015. Des analyses statistiques 
multivariées et non paramétriques ont été appliquées (par exemple PCA, Kruskal-Wallis, Wilcoxon). 
Les résultats montrent que la qualité des sédiments est variable en fonction de l'endroit 
d'échantillonnage et de l'utilisation des sols. En ce qui concerne les possibles utilisations des 
sédiments, quelques-uns pourraient être utilisés pour la production de ciment Portland ou des 
pouzzolanes (pour ce dernier cas, CaCO3 a été ajouté pour augmenter l'oxyde de calcium du sol). 
Les résultats présentés ici indiquent que des analyses plus détaillées sont nécessaires pour établir 
l'utilisation des sédiments décantés dans des activités agricoles (par exemple engrais) ou de 
construction. 
 
ABSTRACT 
 
The research presented herein establishes possible uses of settled sediments in stormwater sewer 
systems. For this project, an urban catchment in Puente Aranda, part of Bogota, Colombia, was used 
as a case study. Physical and chemical characteristics were obtained for sediments collected at 
different sampling points between February, 2015 and April, 2015. Multivariate and non-parametric 
statistical analyses were performed on these data (i.e. PCA, Kruskal-Wallis, Wilcoxon). Results 
showed sediment quality to vary as a function of sampling location and soil use. With regard to 
possible sediment uses, some sediments were suitable for the production of Portland cement or 
pozzolanas (for the latter, CaCO3 was added in order to increase the solid’s calcium oxide). 
Ultimately, the data presented in this paper lead to the conclusion that further, more-detailed analysis 
must be carried out to determine sediment use for agricultural (e.g. fertilizer) or construction purposes.  
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INTRODUCTION 
Solids in sewer systems reduce capacity and serve as sources of contamination during wet periods 
(Rodríguez et al., 2012). In the mid-19th century, the early phases of sewer system maintenance and 
management, only modest advances were made in terms of the design and method of solids control 
(Ashley et al., 2000). Recent research has discovered that both quantity of, and contaminants 
associated with, sediments significantly vary as a result of human activity and based on urban 
surfaces (Chow et al., 2015). This article presents a first approach to sediments that have settled in 
stormwater sewer systems by means of physical and chemical analyses of samples collected in 
Puente Aranda, Bogota, Colombia.  
1 MATERIALS AND METHODS 
This research was done using data from a stormwater sub-basin in Puente Aranda, part of the city of 
Bogota (Colombia). A total of two sections were chosen based on two criteria: 1) network type, which 
indicates the existence of a separate stormwater sewer network; 2) urban soil uses, which evidences 
residential, industrial or commercial (or mixed) uses of the zones. The sections include the highest 
number of branches (Section 1 runs from Calle 3 # 53 B to Carrera 53 C Bis # 5 C; Section II from 
Calle 3 #50 to Transversal 46 # diagonal 5 C Bis). There were thirteen sampling points (7 for Section I 
and 6 for Section II). For Section II, one sampling point was a canal into which stormwater sewer 
systems discharge. Also, three gully pots with industrial, residential and commercial uses were chosen 
on account of the noteworthy presence of workshops (e.g. auto-body shops) and restaurants. Later, 
the in situ analysis of the samples consisted of measuring pH, temperature and sediment depth. In the 
laboratory, humidity, granulometry, volatile solids and chemical characterization (using the X-Ray 
Fluorescence technique) were estimated. Analysis of umidity and volatile solids was based on the 
procedures laid out in in the Manual of Analytical Procedures-Manual de Procedimientos Analíticos 
(Flores Delgadillo & Alcalá Martínez, 2010); granulometry was determined according to the Bouyoucos 
Method described in the Universidad de la Salle’s Soils Manual (Campos Segura, 2012).  
After the aforementioned procedures, statistical analysis was carried out. This included: Principal 
Components Analysis (PCA); the Kruskal-Wallis test; and, the t-test. PCA was utilized to reduce the 
number of variables, as manhole as to hierarchically structure the data in groups (Liebens, 2001). 
Also, the Spearman Correlation Matrix was created: the Spearman test is a non-parametric test that 
measures the association or interdependence between two variables. Spearman values are between -
1 and +1, with values closer to +1 indicating a strong, positive correlation, those near -1 indicating a 
strong, negative correlation and those near 0 indicating no correlation (Tomás-Sábado, 2009).  
The paired t-test compares two population averages when respective observations of each can be 
combined; it is used to determine if there is an average difference between coinciding observations 
and, if so, if this difference is significantly different from zero (Shier, 2004). For this specific research, 
the paired t-test measured the effect of site, soil uses and precipitation on each compound detected. 
The Kruskal-Wallis test is a non-parametric alternative to ANOVA that assumes the distributions of 
measurements of each observation are not normal (Ruxtona & Beauchampb, 2008). Spatial variation 
was considered significant at a threshold of 5% (p <0.05) for the variables soil uses and precipitation 
for each compound. Two types of variables were employed: (i) quantitative, such as chemical and 
physical characteristics, pipe angle, diameter and length; (ii) qualitative, such as site (manhole or gully 
pot), soil use, time (month) and precipitation (defined as high, medium or low, relative to the average 
daily precipitation registered at the Camavieja meteorological station). For PCA, two principal 
components were chosen in an effort to obtain 61% total explained variance. Initial variables were 
disregarded due to the fact that they did not contribute to the statistical model. These eliminated 
variables include: month, pH, temperature, sediment depth, volatile solids, sand percentage, silts, 
shear stress, length, diameter, slope and certain compounds (CuO, CrO, SrO, MnO2, V2O5, Ac2O3, 
etc.,
 
given that their percentages in the sediments were less than 0.01%).  
Statistical analysis was performed on 42 definitive data points and a total of 14 variables (3 qualitative 
and 11 quantitative). For sediment use in Portland cement, readers are directed to Table 1, below, 
which displays sediment chemical composition and the guidelines for Portland cement established by 
two relevant standards, the Colombian National Standard (NTC 30) and the International Standard 
(ASTM C150).    
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Compound 
  
Chemical 
Symbol 
Portland Cement Limits(%) per Composition of Volcanic-
Origin Pozzolanas 
NTC 30 ASTM C150 Limits Average  
Lime CaO 60-67 60.6 - 66.3 0 - 12 3.5 
Silica SiO2 17-25 18.7 - 22 42 - 85 65 
Alumina Al2O3 3-8 4.7 – 6.3 5 - 20 12.5 
Iron Oxide Fe2O3 0.5-6 1.6 – 4.4 1 - 14 5 
Sulfuric Anhydride    SO3                    1-3.5  1.8 – 4.6      0 - 1      0.5 
Potassium Oxide    K2O                     ----- -----      0 - 5      2 
Table 1. Components of Portland Cement and Volcanic-Origin Pozzolanas. 
 
1. RESULTS 
The greatest accumulation of sediments for Section I occurred in February, with values exceeding 10 
cm (depth). The highest value was observed at the canal (35 cm sediment depth). For Section II, the 
sampling points evinced monthly variation: four manholes had greater accumulation in April and three 
in March. The highest value for Section 1 was found for Gully Pot 3, with a value of 60 cm in April and 
5 cm in March. Regardless, sedimentation was not uniform: waste was found over this point. All 
sample sites had silt percentages exceeding 70 %, while sand percentages varied between 7 and 15 
% and clays were less than 3 %. Correlation analysis provided evidence that: silica was significantly 
negatively correlated with Fe2O3 and lime; Al2O3 was significantly positively correlated with K2O; and, 
Fe2O3 was significantly positively correlated with lime, TiO2 with ZnO, and ZnO with P2O3.    
The Kruskal-Wallis test demonstrated that precipitation was the most significant variable for clays. 
Both sample site and soil uses significantly impacted levels of iO2, Al2O3, lime, SO3, P2O3 and K2O. 
Sample site and precipitation significantly affected concentrations of Fe2O3, TiO2 and ZnO.  
As for the t-test, the highest amounts of RuO2, P2O3, K2O and TiO2 were found in areas with 
residential soil use. A similar observation can be made for SiO2 and CaO. If, however, sediments with 
compounds such as Al2O3, ZnO, Fe2O3 and SO3 are needed, the simplest method would entail 
collecting samples in manholes near land used for commercial purposes. Moreover, using the t-test, it 
can be surmised that precipitation is not highly relevant when discussing sediment’s chemical 
characteristics. 
2. POSSIBLE USES 
Based on the results obtained, it was deduced that sediments offer potential for use in the production 
of Portland cement and pozzolanas. Yet, generally speaking, this potential does not apply to lime, for it 
does not meet the requisite percentages for use in Portland cement; likewise, silica exceeds the limits 
established by the two different standards studied herein for Portland cement.   
 
Site %SiO2 %Al2O3 %Fe2O3 %CaO %SO3 %K2O 
Manhole 1 64.91 8.70 8.44 9.31 2.60 1.69 
Manhole 2 36.60 9.02 8.18 40.47 2.36 1.14 
Manhole 3 71.41 10.39 4.31 4.04 3.89 1.67 
Manhole 5 67.13 12.38 7.01 6.56 1.48 1.57 
Manhole 6 59.71 9.93 7.02 14.89 1.99 1.87 
Manhole 7 65.79 11.71 6.70 8.36 1.33 1.73 
Gully pot 1 60.88 9.77 7.70 11.69 2.93 1.62 
Manhole 8 71.41 9.37 5.54 5.67 2.17 1.53 
Manhole 9 69.44 9.78 5.64 7.00 3.01 1.25 
Manhole 10 75.92 6.99 3.50 6.24 2.72 0.90 
Manhole 11 81.48 5.35 2.51 3.27 3.78 1.12 
Manhole 12 71.98 8.60 4.75 5.68 3.97 1.55 
Manhole 13 68.39 11.49 6.15 5.77 2.66 1.95 
Gully pot 2 62.95 9.79 7.53 10.62 1.73 1.85 
Gully pot 3 54.93 10.77 11.17 12.48 2.91 2.01 
Table 2. % of Principal Compounds. 
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For Al2O3, sediments collected at Manholes 10 and 11 were within the limits for both standards. For 
Fe2O3, Manholes 8, 9, 10, 11 and 12 met the limits established by the Colombian standard NTC 30. 
For SO3, levels met the international standards for all manholes. In addition to using sediments for 
Portland cement production, there is potential for their use in pozzolana production, as Table 2 
indicates. Sediments had high percentages of SiO2, which makes them resistant to sulfates; even 
though Al2O3 had low percentages relative to SiO2, the former represents a good component for 
pozzolanas high in aluminum. Upon comparing Tables 1 and 2, it is clear that the sediments identified 
exhibit a chemical composition similar to that of the volcanic-origin pozzolanas. That is, SiO2, Al2O3, 
Fe2O3, K2O and CaO fell within established limits. However, there were some exceptions: CaO did not 
meet the limits for Manhole 2; SO3 did not meet the limits for any of the Manholes. For Portland 
cement, sediments from Manholes 8, 9, 10, 11 and 12 proved adequate, while sediments for 
pozzolanas can be extracted from all manholes and the three Gully Pots (save for Manhole 2).    
3. CONCLUSIONS 
Sediments accumulating in the stormwater sewage systems in Puente Aranda, Bogota (Colombia) can 
be exploited in the production of pozzolanas and Portland cement. Nonetheless, specific cases may 
call for increased levels of lime—to meet this demand, the addition of calcium carbonate is proposed 
(doing so would reduce SiO2). For pozzolanas, SiO2, Al2O3, Fe2O3, K2O and lime can be used, in line 
with the limit values for volcanic-origin pozzolanas. Furthermore, this application of sediments should 
be accompanied by a drying and crushing process to enhance their efficiency in pozzolana production. 
As for Portland cement, potential application is possible given that compounds such as Fe2O3 and SO3 
meet the requirements presented in the standards NTC 30 and ASTM C150.  
 
In light of the statistical analyses performed, it can be concluded that Al2O3, Fe2O3, SO3 and ZnO are 
found in Manholes where the land is used for commercial purposes. Lime, silica, phosphoric anhydride 
and potassium oxide are found in areas where the land is used for residential purposes. This 
information facilitates the future extraction of sediments for use in the production of Portland cement 
and pozzolanas.  
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